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(54) Exposure apparatus 

(57) There is disclosed an exposure apparatus for 
projecting an image pattern on a mask onto a photosen- 
sitive substrate, the apparatus comprising: a body 
including a projecting optical system through which the 
image pattern is projected from the mask to the photo- 
sensitive substrate; a first stage movable to the body 
and adapted to mount the mask; a second stage mova- 
ble to the body and adapted to mount the photosensitive 
substrate; a measuring device for measuring the posi- 
tion of either one of the mask mounted on the first stage 
and the photosensitive substrate mounted on the sec- 
ond stage; a vibration sensor for measuring vtoration of 
the body; and a position controller for controlling the 
position of either one of the mask mounted on the first 
stage and the photosensitive substrate mounted on the 
second stage based on a measurement value of the 
vibration sensor and a measurement value of the meas- 
uring device. 
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Description 

BACKFROUND OF THE INVENTION 

field of the Invention: 

The present invention relates to an exposure appa- 
ratus, more particularly to an exposure apparatus which 
is used during manufacturing semiconductor devices, 
liquid crystal display devices and the like in a lithogra- 
phy step and to an exposing method. 

Related Background Art: 

A projection exposure apparatus has been used, 
which projects patterns of a photomask and a reticle ( 
hereinafter referred to as a reticle ) under exposure fight 
onto a photosensitive substrate via a projection optical 
system during manufacturing semiconductor devices, 
liquid crystal display devices. U.S.R No. 5.477,304 dis- 
closed an exposure apparatus capable of performing an 
accurate exposure with the combination of a coarse 
motion stage and a fine motion stage for a reticle. Fur- 
ther, U.S.R No. 5,172,160 discloses an exposure appa- 
ratus having a device capable of suppressing a vibration 
of the apparatus. 

SUMMARY OF THE INVENTION! 

However, in the foregoing conventional exposure 
apparatuses, it is difficult to sufficiently suppress a faulty 
exposure due to vibrations of the exposure apparatus 
boy. 

Rom the view point of the above described circum- 
ferences, the object of the present invention is to pro- 
vide an exposure apparatus which is capable of 
suppressing an occurrence of a faulty exposure due to 
vacations of the exposure apparatus body and perform- 
ing a high accuracy exposure. 

It is an object of the present invention to provide an 
exposure apparatus for projecting an image pattern on 
a mask onto a photosensitive substrate, the apparatus 
comprising: a body; a first stage movable to the body 
and adapted to mount the mask; a second stage mova- 
ble to the body and adapted to mount the photosensitive 
substrate, a measuring device for measuring the posi- 
tion of either of the mask mounted on the first stage or 
the photosensitive substrate mounted on the second 
stage; a vibration sensor for measuring vibration of the 
body; and a position controller for controlling the posi- 
tion of either the mask mounted on the first stage or the 
photosensitive substrate mounted on the second stage 
based on a measurement value of the vibration sensor 
and a measurement value of the measuring device. 

According to the exposure apparatus of the present 
invention, the position of either the mask or the photo- 
sensitive substrate is directly measured by the measur- 
ing means, and the vibrations of the portion in the 



exposure apparatus body as well as the portion other 
than that of either the mask or the photosensitive sub- 
strate is measured by the vibration sensor. Then, the 
position control system controls the position of either 
5 the mask or the photosensitive substrate based on the 
measurement values of the vibration sensor and the 
measuring means. 

According to the present invention, when the vibra- 
tions are caused in the exposure apparatus body, the 

w vibrations are measured by the vibration sensor, and 
the errors caused in the measurement values of the 
measuring means are corrected by the position control 
system using the measurement results, whereby the 
position deviation between the mask and the photosen- 

is sifive substrate due to the vibrations is prevented, 
resulting in the suppression of the occurrence of the 
faulty exposura 

Moreover, various kinds of the vibration sensors 
that can be used in the invention are taken into consid- 

20 eration. It is sufficient that the foregoing vibration sensor 
may be an acceleration meter. Since the vibrations can 
be directly measured by the acceleration meter, the 
vibrations can be measured more precisely. As another 
vibration sensor, if the vibration sensor is placed at a 

25 position where it is not influenced by the vfcrations of 
the apparatus body, the vibration sensor may be consti- 
tuted by combining it with a displacement sensor such 
as a laser interference meter and a circuit to differenti- 
ate the measurement values of the displacement sen- 

30 sor twice. It is another object of the present invention to 
provide a method of projecting a pattern image on a 
mask on to a photosensitive substrate, using an expo- 
sure apparatus comprising a a body with projection opti- 
cal system for projecting the pattern on the 

35 photosensitive substrate; a first stage movable to the 
body and adapted to mount the mask; and a second 
stage-movable to the body and adapted to mount the 
photosensitive substrate, the method comprising the 
steps of: mounting the mask on the first stage; mounting 

40 the photosensitive substrate on the second stage; 
directly measuring the position of either one of the mask 
and the photosensitive substrate to provide a first data; 
measuring vibrations of the body, using a vibrator 
attached to the body, to a second data; and controlling 

45 either one of the mask and the photosensitive substrate 
based on the first data and the second data to prerform 
the projective exposure. 

The present invention viii be more fully understood 
from the detailed description given hereinbelow and the 

so accompanying drawings, which are given by way of 
illustration only and are not to be considered as limiting 
the present invention. 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 

55 given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes 



3 



EP 0 866 374 A2 



4 



and modifications within the spirit and scope of the 
invention will be apparent to those skilled in the art from 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS s 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now 
made to the following description taken in conjunction 
with the accompanying drawings. w 

Fig. 1 is a schematic view showing a construction of 
a scan type exposure apparatus according to an 
embodiment of the present invention. 

Fig. 2 is a block diagram showing a construction of 
a stage control system of the apparatus shown in Fig. 1 . is 

Rg. 3 is a perspective view showing an outline of a 
projection exposure apparatus according to an embodi- 
ment of the present invention. 

Rg. 4 is a diagram showing a construction of a 
vibration control system for the exposure apparatus 20 
body. 

Rg. 5 is a diagram showing a detailed construction 
of each portion of the diagram of Rg. 4. 

DESCRIPTION OF THE PREFERRED EMRODI- 25 
MENTS 

The first embodiment of the present invention will 
be described with reference to Rgs. 1 and 2 below. 

In Rg. 1, a schematic constitution of a scan type 30 
exposure apparatus 10 serving as an exposure appara- 
tus according to an embodiment is shown. The scan 
exposure apparatus 10 shown in Rg. 1 comprises an 
illumination system 12 for illuminating a reticle R as a 
mask using an exposure light IL; a reticle stage 14 as a 35 
mask stage for scanning the reticle R in Y-axis direction 
( in the horizontal direction in Rg. 1 ) and for performing 
a fine motion on an X and Y-plane; a projection optical 
system PL disposed under the reticle stage 14; a wafer 
stage 16. disposed under the projection optical system 40 
PL, for moving a wafer W as a photosensitive substrate 
on the X and Y-plane two-dimensionalry,and a main con- 
trol system 1 8 composed of a microcomputer ( or a min- 
icomputer ) to control the whole of the apparatus as a 
whole. 45 

A reticle stage 14. a wafer stage 16 and a projection 
optical system PL are held by a body which is mounted 
on pads. 

The illumination system 12 is composed of a light 
source portion 20; a mirror 22; a reticle blind 24; a relay so 
lens 26; a mirror 28; and a condenser lens 30. Among 
these components, the fight source portion 20 consists 
of a light source such as a ultrahigh pressure mercury 
lamp or laser light source, and an optical integrator. The 
reticle blind 24 is disposed at a position conjugated with 55 
a pattern formation plane that is a under surface of the 
reticle R. 

The exposure fight IL emitted from the light source 



portion 20 passes through the mirror 22. the reticle blind 
24, the relay lens 26. the mirror 28 and the condenser 
lens 30 in this order and illuminates slit-shaped illumi- 
nated regions formed by the reticle Wind 24 on the reti- 
cle R with an even illuminance. In this case, the 
longitudinal direction of the slit-shaped illuminated 
regions is set to the X-direction that is perpendicular to 
the paper plane in Rg. 1 and the direction of the relative 
scan of the reticle R and the slit-shaped illuminated 
regions are set to the Y-direction. 

The reticle stage 14 comprises a reticle coarse 
motion stage 34 which moves along the scan direction ( 
the Y-direction ) on a reticle base ( not shown ) and a 
reticle fine motion stage 36 mounted on the reticle 
coarse motion stage 34, which finely moves on the X 
and Y-plane while holding, the reticle R, the reticle fine 
motion stage 36 performing also rotational movement 

A movement mirror 32 is provided on the reticle 
coarse motion stage 34. A reticle coarse motion laser 
interference meter 42 is disposed so as to face the 
movement mirror 32, which projects a laser beam onto 
the movement mirror 32 to detect the position of the ret- 
icle coarse motion stage 34 by receiving the reflection 
light. An output from the reticle coarse motion interfer- 
ence meter 42 is supplied to the main control system 
18. The main control system 18 is designed such that it 
measures the position in the Y-direction of the reticle 
coarse motion stage 34 based on the output of the reti- 
cle coarse motion laser interference meter 42. 

A movement mirror 38 is provided on the reticle fine 
motion stage 36. A reticl fine motion laser interference 
meter 40 is provided so as to lace the movement mirror 
38, which projects a laser beam onto the movement mir- 
ror 38 to detect as a measuring means, the position of 
the reticle fine motion stage 36 by receiving the reflec- 
tion fight. Here, three movement mirrors in total are pro- 
vided actually on the reticle f ine motion stage 36, that is. 
an X-movement mirror having a reflection plane perpen- 
dicular to the X-axis direction, and two Y-movement mir- 
rors having a reflection plane perpendicular to the Y- 
axis direction are provided thereon. Accordingly, three 
reticle fine motion laser interference meters are pro- 
vided in total, that is, an X-axis direction position meas- 
uring interference meter and two Y-axis direction 
position measuring interference meters are provided. In 
Rg. 1. the movement mirror 38 and the reticle laser 
interference meter 40 are illustrated on behalf of them. 

Outputs from the three reticle fine motion laser 
interference meters are supplied to the main control 
system 18. The main control system 18 measures the 
X-position of the reticle fine motion stage 36 based on 
the output of the X-axis direction position measuring 
interference meter and computes the Y-posrtion of the 
reticle fine motion stage 36 based on the average of the 
outputs of the two Y-axis direction position measuring 
interference meters, thereby computing the roation 
angle on the X and Y-plane of the reticle fine motion 
stage 36 based on the difference of outputs between 
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the two Y-axis direction position measuring interference 
meters. 

The projection optical system PL is supported on a 
base ( not shown ) through a first column ( not shown ) 
such that a direction of its optical axis accords with the 
Z-axis direction perpendicular to the X and Y-plane. A 
second column ( not shown ) is provided on the first col- 
umn and the reticle base is provided on the second col- 
umn. A refraction optical system having ,for example, a 
predetermined reduction ratio p ( in this embodiment p 
= 1/4 )at both telecentric is employed as the projection 
optical system PL For this reason, the pattern of the 
slit-shaped illuminated regions in the pattern region of 
the reticle R is reduced and projected onto the exposure 
region on the wafer W having a surface coated with pho- 
toresist the exposure region being conjugated with the 
foregoing illuminated region through the projection opti- 
cal system PL upon exposure 

Actually, the wafer stage 16 is composed of an XY 
stage for moving the wafer base ( not shown ) in an X 
and Y two dimensional direction, a leveling stage pro- 
vided on the XY stage, Z • 6 stage for holding the wafer, 
which is provided on the leveling stage. In Fig. 1, the 
water stage 16 representatively is shown on behalf of 
these components. 

The movement mirror 46 is provided on the wafer 
stage 16. The wafer laser interference meter 48 is pro- 
vided so as to face the movement mirror 46, which 
projects a laser beam onto the movement mirror 46 and 
receives its reflection fight thereby detecting the posi- 
tion of the wafer stage 16. Here, a Y movement mirror 
having a reflection plane perpendicular to the Y axis 
direction and an X movement mirror having a reflection 
plane perpendicular to the X axis direction are actually 
provided on the wafer stage 16. Corresponding to these 
mirrors, provided are a Y axis direction position measur- 
ing interference meter for receiving the reflection light 
form the Y movement mirror, a X axis direction position 
measuring interference meter for receiving the reflection 
light from the X movement mirror, and a rotation meas- 
uring interference meter, that is, three interference 
meters in total are provided as wafer laser interface 
meters. In Fig. 1 , the movement mirror 46 and the wafer 
laser interference meter 48 are shown representatively 
on behalf of these components. 

Outputs from the three wafer laser interference 
meters are supplied to the main control system 18. The 
main control system 18 measures the X position of the 
wafer stage 16 based on the output of the X axis direc- 
tion position measuring interference meter and meas- 
ures the Y position of the wafer stage 44 based on the 
output of the Y axis direction position measuring inter- 
ference meter. The main control system 18 computes 
the rotation angle on the X and Y-plane of the wafer 
stage 16 based on the output of the rotation measuring 
interference meter against the output of the X axis direc- 
tion position measuring interference meter. 

During the exposure operation, the main control 



system 18 scans, for example, the wafer stage 16 in - Y 
direction at a scan speed VW ( VW = p • VR) through 
the driving apparatus ( not shown ) in synchronization 
with scanning the reticle coarse motion stage 34 in + Y 

5 direction at a predetermined scan speed VR through a 
driving apparatus ( not shown ) for relative scanning. 
The main control system absorbs the relative speed 
error, created at this time, between the reticle coarse 
motion stage 34 and the wafer stage 1 6 and controls the 

10 operation of the reticle fine motion stage 36 through a 
driving apparatus ( not shown ) for the fine motion con- 
trol in older that the relative speed of the reticle R and 
the wafer W and their position are 4:1. Thus, in syn- 
chronization of the scanning of the reticle R in + Y dtrec- 

is tion against the slit-shaped illumination region 
illuminated by the exposure light IL, the wafer W against 
the exposure region conjugated with the illumination 
region is scanned in the - Y direction at a speed in 
accordance with a reduction ratio of the projection opti- 

20 cal system PL The pattern formed on the pattern for- 
mation surface or the reticle R is sequentially 
transferred onto a shot region on the wafer W. 

Upon completion of the exposure for one shot 
region, the main control system 18 moves the wafer 

25 stage 16 in a non-scan direction ( X direction ) by a pre- 
determined distance and performs a stepping operation 
to an exposure starting position for a next shot There- 
fore, the main control system performs the scan expo- 
sure, thereby performing the exposure according to the 

30 step and scan style. 

Moreover, in this embodiment an acceleration sen- 
sor ( an acceleration meter ) 50 serving as the vibration 
sensor is provided on the side surface of the projection 
optical system PL. The vibrations of the projection opti- 

ss cal system PL is measured by the acceleration sensor 
50. and the measurement values relating to the vibra- 
tions are supplied to the main control system 18. 

Fig. 2 shows a block diagram of a stage control sys- 
tem and a position control system of the scan type 

40 exposure apparatus 10 according to this embodiment. 
The stage control system shown in Fig.2 shows a func- 
tion of the main control system 18 of Fig. 1 by a block 
diagram principally, the function being realized by soft- 
ware. As a matter of course, each of the components of 

45 the exposure apparatus may be constituted by each 
hardware corresponding to the components. 

The stage control system comprises a scan speed 
generator 51 for outputting a speed command value VW 
for the wafer stage 16 in response to an instruction of a 

so main computer ( not shown ); a wafer stage speed con- 
trol system 52 and a reticle coarse motion speed control 
system 54, which control the speeds of the water stage 
1 6 and the reticle coarse motion stage 34 based on the 
speed command value VW from the scan speed gener- 

55 ator 51 and the speed command value VR obtained by 
multiplying the speed command value VW with 1/0 ( in 
this embedment multiplied by four ); and a reticle fine 
motion stage control system 56 for controlling the posi- 
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tion and the speed of the reticle fine motion stage 36 
based on position information obtained by multiplying 
the position of the wafer stage 44 by four. 

More specifically, the wafer stage speed control 
system 52 can be constructed by for example, l-type 
closed loop control system including a subtracter ( not 
shown ) for computing a speed deviation that is a differ- 
ence between the speed command value VW and the 
speed of the wafer stage 16, and a PI controller ( not 
shown ) for performing a proportional and integral con- 
trol operation using the speed deviation form the sub- 
tracter as an operational signal. It should be noted that 
the speed of the wafer stage 16 is actually obtained 
from the differential value of the measurement values of 
the water laser interference meter 48. 

The reticle coarse motion stage speed control sys- 
tem 54 can be constructed by, for example, l-type 
closed loop control system including a subtracter ( not 
shown ) for computing a speed deviation that is a differ- 
ence between the speed command value VR ( = 4VW ) 
of the reticle coarse motion stage 34 and a speed of the 
reticle coarse motion stage 34 and a PI controller ( not 
shown ) for performing a proportional and integral con- 
trol operation using the speed deviation form the sub- 
tracter as an operational signal, ft should be noted that 
the speed of the reticle coarse motion stage 34 is actu- 
ally obtained from the differential value of the measure- 
ment values of the reticle coarse motion laser 
interference meter 42. 

The reticle fine motion stage control system 56 can 
be constructed by composing a subtracter 74 which 
receives as a target position a value obtained by multi- 
plying the position of the wafer stage by four, which cor- 
responds to the value obtained by multiplying the 
measurement value of the wafer interference meter 48 
by four, the position of the wafer stage being obtained by 
integrating the value multiplied by 0 ( four ) by a first inte- 
gration circuit 64, which is an output of the wafer stage 
speed control system 52 and computes the positional 
deviation that is a difference between the target position 
and the positional information of the reticle fine motion 
state 36 which is an output of a second integration cir- 
cuit 76 later described and corresponds to an output of 
the reticle fine motion laser interference meter 40; a ret- 
icle fine motion stage position control system 58 which 
includes a PI controller for performing a proportional 
and integral control operation using the positional devi- 
ation as an operational signal, which is an output from 
the subtracter 74, and converts a control quantity com- 
puted by the PI controller to a speed to output it; a reticle 
fine motion stage speed control system 60 for perform- 
ing a control operation using an output of the position 
control system 58 as a target speed; and a second inte- 
gration circuit 76 which integrates an output of the reti- 
cle fine motion stage speed control system 60 to 
convert it to the position of the reticle fine motion stage. 
Here, the reticle fine motion stage speed control system 
60 is constructed by including a subtracter ( not shown ) 



for computing a speed deviation that is a difference 
between the target speed that is the output of the posi- 
tion control system 58, and a speed of the reticle fine 
motion stage; and a PI controller ( not shown ) for per- 
5 forming a proportional and integral control operation 
using the speed deviation of the subtracter as an oper- 
ational signal. 

In this embodiment, in order to enhance a position 
control response of the reticle fine motion stage control 

10 system 56. the speed error between the wafer stage 1 6 
and the reticle coarse motion stage 34. is feed-for- 
warded to the reticle fine motion stage speed control 
system 60 through an adder 66. the speed error being 
the output of the subtracter 62. 

is Moreover, in this embodiment, the measurement 
value of the above described acceleration sensor 50 is 
integrated by a third integration circuit 70. and the inte- 
gration value is feed-forwarded to the second integra- 
tion circuit 76 through the subtracter 68. The positional 

20 information of the reticle fine motion stage 36 outputted 
from the second integration circuit 76 is information 
relating to the position obtained by integrating the differ- 
ence between the speed of the reticle fine motion stage 
36 and the integration value ( speed ) of the vforation ( 

25 acceleration ) measured by the acceleration sensor 50. 
the output of the reticle fine motion stage 36 being an 
output of the reticle fine motion stage speed control sys- 
tem 60. Specifically, the vibration components of the 
projection optical system PL, which is a part of the expo- 

30 sure apparatus body, is cancelled by the subtracter 68. 
the vibration components being measured by the accel- 
eration sensor 50. Errors due to the vtorations of the 
exposure apparatus body are not included in the meas- 
urement value of the position of the reticle fine motion 

35 stage 36 that is an output of the second integration cir- 
cuit 76. Actually, the position of the reticle fine motion 
stage 36 are tirectf y measured by the reticle fine motion 
laser interference meter 40 and it is not obtained by inte- 
grating the speed of the reticle fine motion stage speed 

40 control system 60. In Fig. 2, the control systems equiv- 
alent to the actual control systems are illustrated for the 
convenience of descriptions and according to customs 
of ways to illustrate the control blocks. 

According to the scan type exposure apparatus 10 

45 of this embodiment described above, the vibrations of 
the projection optical system PL. which is a part of the 
exposure apparatus body, are measured using the 
acceleration sensor 50 provided on the side surface of 
the projection optical system PL This measurement 

so value is converted to the speed and is feed-forwarded to 
the reticle fine motion stage control system 56. There- 
fore, it can be suppressed that the vibration components 
of the exposure apparatus body have an influence on 
the measurement value of the reticle fine motion laser 

55 interference meter 40 for measuring the position of the 
reticle fine motion stage 36. Thus, the vibration compo- 
nents of the synchronous errors between the reticle R 
and the wafer W for the exposure can be speedily can- 
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celled, thereby keeping the image formation character- 
istic at a high grade 

In this embodiment, since the measurement value 
of the acceleration sensor 50 is feed-forwarded to the 
control system 56 for controOing the reticle fine motion s 
stage 36 having the most excellent position control 
response characteristic, there is an advantage that the 
synchronous errors between the reticle and the wafer, 
which is due to the vibrations, can be cancelled at 
shorter period of time. 10 

Moreover, in this embodiment, since the vibrations 
of the projection optical system PL are directly meas- 
ured by the acceleration sensor 50, it will be possible to 
remove the vibration components of the synchronous 
errors most significantly reflecting influences given to is 
the image formation characteristic of the projection opti- 
cal system PL by the vibrations of the exposure appara- 
tus body, so that the image formation characteristic of 
the projection optical system PL can be kept at the high- 
est grade. From such view point it is desirable to meas- 20 
ure the vibrations at the pupil position of the projection 
optical system PL by the acceleration sensor. Moreover, 
alternately, a plurality of acceleration sensors may be fit- 
ted to the projection optical system PL, and the meas- 
urement values of these acceleration sensors may be 25 
subjected to a predetermined computational process- 
ing, thereby detecting the vibrations of the projection 
optical system PL 

However, it is sufficient that the vibration sensor is 
provided partially on the exposure apparatus body other 30 
than projection optical system PL. except for the forego- 
ing wafer stage and the foregoing reticle stage, and then 
the vibrations of the exposure apparatus body can be 
measured. As a matter of course, the vibrations of the 
projection optical system PL is not necessarily required 35 
to be measured. 

In the above described embodiment the measure- 
ment value of the acceleration sensor 50 is feeoSfor- 
. warded to a part of the position control loop within the 
reticle fine motion stage control system 56 The present 40 
invention is not limited to this, and the measurement 
value may be feed-forwarded to other portions of the 
position control system such as the inside of the speed 
control system 60 within the reticle fine motion stage 
control system 56. Alternately, the measurement value 45 
may be feed-forwarded to other portions of the stage 
control system of Fig. 2 such as the wafer stage speed 
control system 52 and the reticle coarse fine motion 
stage speed control system 54. 

In the above described embodiment the case so 
where the present invention is applied to the scan expo- 
sure apparatus of a step and scan type was described. 
The scope of the present invention is not limited to this, 
and the present invention may be applied to an expo- 
sure apparatus of a static exposure type such as a ss 
reduction projection exposure type apparatus of a step 
and repeat type ( a stepper ). Specifically, even the 
exposure apparatus of a static exposure type, a mask 



stage and a wafer stage are provided, and at least the 
position of the wafer stage is directly measured by the 
laser interference meter. Since it is considered that the 
vibration components of the exposure apparatus body 
have an influence on the measurement value, by input- 
ting the measurement value of the vibration sensor to 
the stage control system for controlling the wafer stage 
in a feed-forward fashion, the errors due to the vibra- 
tions included in the measurement value of the laser 
interference meter can be cancelled by the measure- 
ment value of the vibration sensor before the errors due 
to the vibration has an effect on the control object com- 
posed of the stage control system. Therefore, it is pos- 
sible to prevent the occurrence of the positional 
deviation between the reticle stage and the substrate 
stage, so that the projection exposure can be performed 
while keeping the desired image formation relation 
between the reticle and the wafer. 

Moreover, the embodiments can be applied to an 
exposure apparatus of a proximity type other than the 
projection exposure apparatus as well as an exposure 
apparatus such as an electron beam exposure appara- 
tus. Also in these exposure apparatuses, the positional 
alignment of the mask with the photosensitive substrate 
is inevitable. Therefore, the position of at least one of 
the mask and the photosensitive substrate is directly 
measured by the measuring means such as the laser 
interference meter. Since it is considered that the vibra- 
tion components of the exposure apparatus body have 
an effect on this measurement value by the measuring 
means, the vibrations of the portions other than those 
the positions of which are measured by the vibration 
sensor are measured by the measuring means dis- 
posed within the mask and the photosensitive substrate 
in the exposure apparatus body. The position of at least 
one of the mask and the photosensitive substrate is 
controlled by the position control system, based on the 
measurement value of the vibration sensor and the 
measurement value of the measuring means, thereby 
suppressing the occurrence of faulty exposures due the 
positional deviation between the mask and the photo- 
sensitive substrata . 

Futher the above embodiment provide an exposure 
apparatus which performs a projection exposure for a 
pattern formed on a mask (R) onto a photosensitive 
substrate (W) through a projection optical system (PL), 
comprises: a mask stage (14) for holding the mask ( R 
); a substrate stage (16) for holding the photosensitive 
stage (W); measuring means (40) for directly measuring 
a position of either the mask stage (1 4) or the substrate 
stage (16); a vibration sensor (50) for measuring the 
vibrations in the exposure apparatus body as well as a 
portion other than either the mask stage (1 4) or the sub- 
strate stage (16); and a stage control system (18) for 
controlling either the mask stage (14) or the substrate 
stage (16) based on the measurement values which are 
feed-forwarded from the vibration sensor (50) as well as 
the measurement values of the measuring means (40). 
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According to the construction of the exposure appa- 
ratus of the embodiment when the vfr rations are 
caused in the exposure apparatus body during the pro- 
jection exposure operation of the mask pattern onto the 
photosensitive substrate using, for example, the projec- 
tion optical system, the vibrations at the portion are 
measured by the vibration sensor that the portion being 
other than portions the positions of which are measured 
by the measuring means in either the mask stage or the 
substrate stage. The measurement values of the vibra- 
tion sensor are feed-forwarded to the stage control sys- 
tem. The stage control system controls either the mask 
stage or the substrate stage based on the measurement 
values of the measuring means and the measurement 
values of the vibration sensor inputted thereto. In this 
case, since the measurement values of the vibration 
sensor are feed-forwarded to the stage control system, 
the stage control system will be capable of canceling 
the vibration components included in the measurement 
values of the measuring means by the measurement 
values of the vibration sensor before the vibration com- 
ponents affect great influences on its control object. The 
position of either the mask stage or the substrate stage 
is controlled under the conditions where no errors due 
to the vibrations exist whereby the positional deviation 
between the mask and the photosensitive substrate can 
be prevented. Thus, the projection exposure will be 
implemented while keeping the mask and the photosen- 
sitive substrate at a desired image formation relation. 

In the construction of the above embodiment a 
scan type exposure apparatus the mask stage (14) and 
the substrate stage (16) of the scan type exposure 
apparatus are subjected to a scanning at a predeter- 
mined speed ratio relative to the projection optical sys- 
tem (PL) by the stage control system. 

In the conventional scan type exposure apparatus, 
when vibrations are caused in the exposure apparatus 
body, the vibrations cause errors ( vibration errors ) in 
the measurement values of the measuring means (40). 
As a result the synchronous error occurs in both of the 
stages (14) and (1 6), resulting in the deterioration of the 
image formation characteristic. Since the measurement 
values of the vtoration sensor (50) are feed-forwarded to 
the stage control system (18) in the present invention, it 
will be possible to cancel the vibration components of 
the synchronous error occurred between both stages 
speedily. The image formation characteristic can be 
maintained in a good state. 

In the above embodiment, an exposure apparatus. 
. in which at least one of the mask stage (14) and the 
substrate stage (16) is composed of a coarse motion 
state (34) and a fme motion stage (36) moving relatively 
on the coarse motion stage (34). the stage control sys- 
tem (1 8) controls a position of the fine motion stage (36) 
based on the measurement values which are feed-for- 
warded from the vibration sensor (50) and the measure- 
ment values of the measuring means (40), is provided. 

In case of the exposure apparatus comprising a 
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projection optica) system, since the vibrations of the 
apparatus body have an effect on the image formation 
characteristic of the projection optical system, the vibra- 
tions in the portion relating to the image formation char- 
5 acteristic of this projection optica) system should be 
preferably detected. In the foregoing exposure appara- 
tus, for example, the foregoing vibration sensor may be 
designed such that it measures the vibrations of the 
foregoing projection optical system (PL). 

io An another embodiment according to the present 
invention will be explained referring to Figs. 3-5. 

Fig. 3 is a schematic perspective view of a projec- 
tion exposure apparatus 100 of a step and scan type 
that is another embodiment of the present invention. In 

15 Fig. 3. a pedestal 1 02 of a rectangular plate shape is set 
on a floor as a setup plane, and vibration removing pads 
104A to 104D are set on the pedestal 102. It should be 
noted that the pad 104O located at the innermost posi- 
tion is not shown in Fig 3. A base 6 is set up of a rectan- 

20 ovular shape on the pads 104A to 1040. Since a 
projection optical system PL is used in this embodiment 
as is descrfoed later, a Z-axts is taken in parallel with an 
optical axis or the projection optical system PL, a Y-axis 
is taken in the longitudinal direction of the base 106 on 

25 a plane perpendicular to the Z-axis. and an X-axis is 
' taken in a direction perpendicular to the Y-axis. Rotation 
directions around the axes are determined as Z9, Ye 
and z8, respectively. In the. following descriptions, the 
directions illustrated by the arrows of the X. Y and Z- 

30 axes in Fig. 3 are +Y, +Y and +Z directions, and the 
opposite directions to those are - X, -Y and -Z direc- 
tions. 

The vforation removal pads 104A to 1040 are dis- 
posed close to the four comers of the rectangular bet- 
as torn surface of the base 106, respectively. In this 
embodiment a pneumatic damper is used as the vibra- 
tion removal pads 104A to 1040, so that the height of 
the pads 104A to 1040 can be adjusted by air pressure. 
Therefore, the pneumatic dampers serve also as a ver- 
40 ticatly moving mechanism. As a matter of course, 
another vertical moving mechanism may be provided 
and the vibration removal pads such as a mechanical 
damper in which a compression coil spring is provided 
in the damping liquid may be used. 
45 An actuator 1 07A is provided between the pedestal 
102 and the base 106 that is parallel with the vibration 
removal pad 104 A A voice coil motor is used, which is 
composed of a stator 109 A formed of a magnetic field 
generator fixed onto the pedestal 2 and rotator 108 A 
so fixed to the bottom surface of the base 1 06,as an actua- 
tor 107A. The actuator 107A generates an energizing 
force in the Z-axis direction, which acts from the pedes- 
tal 102 to the bottom surface of the base 106, and 
absorption force which acts from the bottom surface of 
55 the base106 to the pedestal 102 by controlling currents 
flowing the coil in the rotator 108A by an actuator con- 
trolling circuit 111, which will be described later (refer to 
Figs. 4 and 5). 



7 



13 



EP 0 866 374 A2 



14 



Also in other vibration removal pads 104B to 104D, 
similar to the vibration removal pad 104 A, actuators 
107B to 1070 having the same constitution as that of 
the actuator 107A are provided in parallel, ft should be 
noted that the actuators 107C and 107D located at the 
innermost positions are not shown in Fig. 3. The ener- 
gizing force and the absorption force of these actuators 
107B to 107D are set by a later descrbed actuator con- 
trol circuit 1 1 1 ( see Figs. 4 and 5 ). A control method of 
the actuators 107A to 1070 will be described later. 

Onto the side surface of the base 6 in the +X direc- 
tion, the acceleration sensors 105Z1 and 105Z2 serving 
as the vibration sensor for detecting the Z direction 
acceleration of the base 106 are fitted. Moreover, the 
acceleration sensors 105Y1 and 105Y2 serving as the 
vibration sensor for detecting the Y direction accelera- 
tion of the base 1 06 are fitted to the +X direction and on 
the upper surface of the base 106. The acceleration 
sensors 105X1 and 1 05X2 serving as the vibration sen- 
sor for detecting the X direction acceleration of the base 
106 are fitted to the +Y and - Y direction ends on the 
upper surface of the base 106. For example, a semicon- 
ductor acceleration sensor is employed as the accelera- 
tion sensors 105Z1. 105Z2. 105Y1. 105Y2, 105X1 and 
105X2. Outputs from these acceleration sensors 
105Z1. 105Z2. 105Y1. 105Y2, 105X1 and 105X2 are 
supplied to a later described vibration control computing 
circuit 154 ( see Figs. 4 and 5). 

The wafer stage 1 20 serving as the second stage is 
mounted on the base 106. As shown in Fig. 4, the wafer 
stage 1 20 actually consists of an X stage 1 20X driven in 
the X direction along the upper surface of the base 106 
by a linear motor ( not shown ); a Y stage 120Y mounted 
on the X stage 120X, which is driven in the Y direction 
by a Onear motor ( not shown ); and a Z leveling stage 
120Z mounted on the Y stage 120Y. In Fig. 3, the wafer 
stage 120 is shown representatively on behalf of them. 
The wafer stage 120 is constructed such that a wafer W 
as a substrate is held on a leveling stage 120Z by 
absorption through a wafer holder 121 which is able to 
perform a fine rotation in the 6 direction. 

Moreover, the first column 124 is provided on the 
base 106 so as to surround the wafer stage 120. The 
projection optical system PL is fixed to the central por- 
tion of the upper plate of the first column 124. The sec- 
ond column 126 is provided on the upper plate of the 
first column 124 so as to surround the projection optical 
system PL The reticle stage 127 as the first stage is 
mounted on the upper plate of the second column 126, 
and the reticle R as the mask is mounted on the reticle 
stage 127. 

The side surfaces of the wafer stage 120 ( actually 
leveling stage 20Z ) in the + Y and + X directions are 
subjected to a mirror polishing treatment so that the 
reflection planes 120a and 102b as the second reflec- 
tion minor are formed. The movement positions of the 
wafer stage 120 in the X and Y directions are measured 
by the wafer X and Y axis interference meters 130X and 



130Y through these reflection planes 120a and 120b. 
This is described later. The wafer X and Y axis interfer- 
ence meters 130X and 130Y are hereinafter referred to 
as a wafer interference meter 130. The Z leveling stage 
5 1 20Z is constituted such that its drive in the Z axis direc- 
tion and its slant against the X and Y plane are adjusta- 
ble Therefore, the wafer W can be positioned three 
dimensionally by the X stage 120X. the Y stage 120Y. 
the Z leveling stage 120Z and the wafer holder 121 . 

10 The reticle stage 127 is constituted so that the reti- 
cle R can be finely adjusted in the X-axis direction and 
the angle of rotation of the reticle R can be adjusted. 
The reticle stage 127 is also adapted so that it may be 
driven in the Y direction by a linear motor (not shown). 

is The +Y direction and +X direction side surfaces of the 
reticle stage 127 are ptanished so that reflecting sur- 
faces 1 27a. 1 27b may be formed as a first reflecting mir- 
ror. The position of movement of the reticle stage 127 in 
the Y direction and the X direction is measured by a ret- 

20 icle Y-axis interference meter 131 Y and a reticle X-axis 
interference meter 1 31 X (hereinafter, sometimes gener- 
ally referred to as "a reticle interference meter 131**) 
through the reflecting surfaces 127a, 127b (described 
below in detail). 

2s An illumination optical system (not shown) is also 
arranged over the reticle R. A control apparatus 142 
descrfoed below (see Figs. 4 and 5) performs a relative 
alignment of the reticle R and the wafer W and allows a 
focal point detecting system (not shown) to perform an 

so auto-focus, while the pattern of the reticle R is subse- 
quently exposed onto each shot region on the wafer W 
through the projection optical system PL under an 
exposing light EL from the illumination optical system. In 
the second embodiment during the exposure on each 

35 shot region, the wafer stage 120 and the reticle stage 
127 are relatively scanned in the opposite directions 
each ether at a predetermined ratio of speed along the 
Y-axis direction (scan direction) through the Onear motor 
(not shown) by respective stage controlling circuits 

40 (described below) in response to an instruction from the 
control apparatus 142. 

The first column 1 24 is in contact with a fixed platen 

106 by four legs 124a-124d (it should be noted that the 
leg 124d located on that side of Fig. 3 is not shown). A 

45 movable shaft 135A is also embedded in the side sur- 
face of the first column 124 in the -Y direction. An actu- 
ator 132A is mounted between the movable shaft 135 A 
and the column (not shown) fixed on a floor. 

A voice coil motor comprising a stater 134A corn- 
so posed of a magnetic field generating material fixed by 
the column (not shown) and a mover 133 A including a 
coil mounted to the movable shaft 135A is used as the 
actuator 132A in the same manner as the actuator 

107 A. The current flowing through the coil in the mover 
55 133A is adjusted by an actuator control circuit 111 

descrbed below, whereby the actuator 132A can apply 
the force to the movable shaft 135A in the ±X direction. 
In the same manner, a movable shaft 135B is embed- 
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ded in the side surface of the first column 124 in the +Y 
direction. An actuator 132B of the same constitution as 
the actuator 132A is mounted between the movable 
shaft 135B and the column (not shown) fixed on the 
floor. The actuator 132B is controlled by the actuator 5 
control circuit 111 described below, whereby the actua- 
tor 132B can apply the force to the movable shaft 135B 
in the ±X direction. 

An actuator 132C of the same constitution as the 
actuator 132 A ts also mounted between the center on 10 
the +Y direction side surface of the first column 124 and 
the column (not shown) fixed on the floor. The actuator 
132C is controlled by the actuator control circuit 111 
described below, whereby the force can be applied to 
the first column 1 24 in the ±Y direction through the actu- is 
ator 132C In the same manner, an actuator 132D of the 
same constitution as the actuator 132A is also mounted 
between the center on the -Y direction side surface of 
the first column 124 and the column (not shown) fixed 
on the floor. The actuator 1 32D is controlled by the actu- 20 
ator control circuit 111 described below, whereby the 
force can be applied to the first column 124 in the ±Y 
direction through the actuator 132D. A method of con- 
trolling these actuators 132A-132D will be described 
below. 25 

Fig. 4 shows the constitution of a vibration control 
system for an exposing apparatus body 140 constituting 
the projecting/exposing apparatus 100 together with the 
exposing apparatus body 140 to be controlled by the 
vibration control system. Herein, the exposing appara- so 
tus body 140 is an element comprising the above- 
descrbed fixed platen 106 of Fig. 3, the body composed 
of the first column 124 and the second column 126. the 
wafer stage 120 mounted on the body, the projection 
optical system PL, the reticle stage 1 27 or the like. 35 

As described above, the exposing apparatus body 
140 is supported from the lower portion by four vforation 
removing pads 104A-104D and four Z-direction actua- 
tors 107A-107D. Referring to Fig. 4, the vibration remov- 
ing pads 104A-104D and the Z-direction actuators 40 
107A-107D are generally shown as a vibration remov- 
ing pad 104 and a Z-direction actuator 107, respectively. 
The exposing apparatus body 140 is also supported by 
two Ydirection actuators 132C, 132D for controlling the 
vibration in the Y-direction and two X-direction actuators 45 
132A, 132B for controlling the vibration in the X-direc- 
tion. Referring to Fig. 4. these four actuators are gener- 
ally shown as an actuator 132. 

The exposing apparatus body 140 is also provided 
with total six acceleration sensors including two acceler- so 
ation censors 105X 1t 105X 2 for measuring the acceler- 
ation in the X direction arranged spatially apart from 
each other on the fixed platen 106, two acceleration 
sensors 105Y 1 , 105Y 2 for measuring the acceleration in 
the Y direction arranged spatially apart from each other 55 
on the fixed platen 106 in the same manner and two 
acceleration sensors 105Z 1( 105Z2 for measuring the 
acceleration in the Z direction arranged spatially apart 



from each other on the fixed platen 106 in the same 
manner. Referring to Fig. 4. the acceleration sensors 
105X 1( 105X 2 . the acceleration sensors 105Y 1( 105Y 2 
and the acceleration sensors 105Z 1( 105Z 2 are gener- 
ally shown as ah acceleration sensor 105X, an acceler- 
ation sensor 105Y and an acceleration sensor 105Z, 
respectively. 

A measurement of the position of the reticle stage 
127 and the wafer stage 120 will be described with ref- 
erence to Fig. 4. 

The reflecting surface 127a is formed on the +Y 
direction side surface of the reticle stage 127 as 
described above. A fixed mirror 144 is fixed on the 
upper outer periphery, of the projection optical system 
PL so that it may be used as a third reflecting mirror. A 
helium neon laser light is emitted from the reticle Y-axis 
interference meter 131Y toward the reflecting surface 
120a and the fixed mirror 144, so that the Y direction 
position of the reticle R placed on the reticle stage 127 
. is measured on the basis of the fixed mirror 144 by the 
reticle Y-axis interference meter 131 Y 

As described above, the reflecting surface 120a is 
formed on the +Y direction side surface of the leveling 
stage 120Z constituting the wager stage 120. A fixed 
mirror 146 is fixed on the lower outer periphery of the 
projection optical system PL so that it may be used as 
the third reflecting mirror. The helium neon laser fight is 
emitted from the wafer Y-axis interference meter 130Y 
toward the reflecting surface 120a and the fixed mirror 
146, so that the Y direction position of the wafer W 
placed on the wafer stage 120 is measured on the basis 
of the fixed mirror 146 by the wafer Y-axis interference 
meter 130Y 

Although the measurement of the Y direction posi- 
tion of the reticle R and the wafer W alone is. herein 
described, the X direction position of the reticle R and 
the wafer W is also measured by the above-described 
reticle X-axis interference meter 131X and wafer X-axis 
interference meter 130X for measuring the position in 
the X direction. 

The constitution of the vibration control system for 
the exposing apparatus body 140 wiH be described 
below with reference to Rg. 4 and Fig. 5 (the drawing 
showing the detailed constitution of each portion of Fig. 
4). As shown in Rg. 4, this control system comprises a 
control apparatus 142 for generally controlling the whole 
apparatus, a reticle stage controlling circuit 1 48, a wafer 
stage controlling circuit 150, a counter-force computing 
circuit 152, a vibration control computing circuit 154, 
and an actuator control circuit 1 1 1 or the like. 

In the second embodiment, stage motion signal 
output means comprises the control apparatus 142. 
stage control means comprises the reticle stage con- 
trolling circuit 148. counter-force computing means 
comprises the counter-force computing circuit 152, and 
vibration control computing means comprises the vibra- 
tion control computing circuit 154. 

The vibration control computing circuit 154 com- 



17 



EP 0 866 374 A2 



18 



prises a computing circuit of center of gravity reference 
1 54A for computing the vibration on the basis of a posi- 
tion of center of gravity G as the center of vibration of 
the exposing apparatus body 140 and a computing cir- 
cuit for fixed mirror 1 54B for computing the vibration on 
the basis of the fixed mirror for the reticle (the fixed mir- 
ror 144 shown in Fig. 2 and the X-axis fixed mirror not 
shown: hereinafter generally referred to as "the fixed 
mirror 144"). 

The computing circuit of center of gravity reference 
1 54A has a function for determining the vibration in the 
directions of six degrees of freedom (X. Y, Z, X . Y , Z ) 
in the position of center of gravity G of the exposing 
apparatus body 140 by performing a predetermined 
matrix computation in accordance with outputs of the 
six acceleration sensors 105X 1( 105X 2 , 105Y 1( 105Y 2 . 
1 05Z 1( 105Z 2 . The position of center of gravity G of the 
exposing apparatus body 140 is previously defined in 
design. The positions of the six acceleration sensors 
105X 1( 105X 2i 105Y 1( 105Y^ lOSZ^ lOSZa are also 
previously defined. Therefore, it is easy to determine the 
vibration in the directions of six degrees of freedom in 
the position of center of gravity G of the exposing appa- 
ratus body 140 by performing a predetermined matrix 
computation in accordance with the outputs of the six 
acceleration sensors 105X 1( 105X2. 105Y 1( 105Y 2> 
105Z 1( 105Z2. Since the position of center of gravity G 
of the exposing apparatus body 140 is varied by the 
movement of the reticle stage 127 and the wafer stage 
120. this fact is taken into consideration in the second 
embodiment. That is. coefficients of the matrix compu- 
tation are previously determined in response to the 
positions of the reticle stage 127 and the wafer stage 
120 by a simulation experiment or the like, the coeffi- 
cients of the matrix computation are then stored as map 
data in a memory in the computing circuit of center of 
gravity reference 1 54 A, and the values measured by the 
reticle interference meter 131 and the wafer interference 
meter 130 are also supplied to the computing circuit of 
center of gravity reference 154 A. Since there are also 
provided eight actuators 107A-107O. 132A-132D in the 
second embodiment the computing circuit 154A per* 
forms the matrix computation for further assigning the 
vtoration in the directions of six degrees of freedom in 
the position of center of gravity G of the exposing appa- 
ratus body 140 to the eight actuators, whereby a feed 
back signal is supplied to each actuator through the 
actuator control circuit 111. 

The computing circuit for fixed mirror 154B has a 
function for determining the vibration in the directions of 
two degrees of freedom in the XY directions on the 
basic of the fixed mirror 144 by performing a predeter- 
mined matrix computation in accordance with the out- 
puts of the six acceleration sensors 105X 1f 105X 2 , 
105Y 1( 105Y 2 , 105Z,. 105Z 2 - The position of the fixed 
mirror 144 for the reticle is previously defined in design. 
The positions of the six acceleration sensors are also 
previously defined. Therefore, it is possible to easily 



determine the matrix coefficients for converting the sig- 
nal obtained by the six acceleration sensors into the 
vibration of the fixed mirror 144 for the reticle in the XY 
directions. The computing circuit for fixed mirror 154B 

5 determines the vibration of the fixed mirror 1 44 as a ref- 
erence position of the reticle R in the XY directions by 
the computation, and the computing circuit 154B sup- 
plies the computation result to the reticle stage control- 
ling circuit 148. The measurement values of the reticle 

10 interference meter 131 and the wafer interference meter 
130 are supplied to the foregoing control apparatus 142 
through the reticle stage controlling, circuit 48 and the 
wafer stage controlling circuit 50 ( see Fig. 4 ). In the 
controlling apparatus 142. the positions, speeds and 

15 accelerations of the X stage 120X, Y stage 120Y and 
reticle stage 127 are managed to be controlled. Specif i- 
calty. as shown in Fig. 5, in the controlling apparatus 
142. the instruction values of the positions, speeds and 
accelerations for the stages are computed. The instruc- 

20 tion values of the positions of the stages are deemed as 
the target values for the stage controlling circuits 148 
and 1 50. At the same time, the instruction values of the 
speeds and accelerations are inputted to the stage con- 
trol system in the stage controlling circuits 148 and 150 

25 In a feed-forward fashion as descrbed later. 

The reticle controlling circuit 148 as shown in 
Rg.5,comprises a subtractor 148a for computing a posi- 
tional deviation that is a difference between the instruc- 
tion value of the reticle stage ( R stage ) from the 

30 controlling apparatus 142 and the measurement value 
of the reticle interference meter 130; and a stage con- 
trolling system 148b for performing ( proportion + inte- 
gration ) controlling operation using the positional 
deviation as an operational signal and computing the 

as controlling quantity so as to make the positional devia- 
tion zero, thereby giving a thrusting force to the reticle 
stage 1 27 through a linear motor ( not shown). It should 
be noted that a speed controlling loop ( not shown ) is 
built in the stage controlling system 148b. The whole of 

40 the system to control the retid e stage 1 27 is a multi loop 
controlling system having a speed loop as an internal 
loop for the positional loop. 

Here, the instruction value of the speed is inputted 
in the feed-forward fashion from the controlling appara- 

45 tus 142 to the speed controlling loop within the stage 
controlling system 148b. Moreover, the instruction value 
of the acceleration from the controlling apparatus 142 is 
converted into the thrust force and inputted in the feed- 
forward fashion to the output terminal of the PI controller 

so constituting the speed controlling loop. As described 
above, the reason why the instruction values of the 
speed and acceleration are supplied in the feed-forward 
fashion from the controlling apparatus 142 to the reticle 
stage controlling circuit 148 in addition to the control by 

55 the positional loop based on the instruction value of the 
position is as follows specif cally, since in the scan- 
ning(scan-type) exposure apparatus it is most important 
to control the speed of the stage, the position control 
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responsibility of the whole system must be enhanced in 
order to produce the compatibility of the positional con- 
trolling with the speed controlling and the like. 

Moreover, in the second embodiment the accelera- 
tion signal ( information concerning vibrations ) in the X 5 
and Y two freedom degree directions in the fixed mirror 
1 44 is supplied to the reticle stage controlling circuit 1 48 
as a feedback signal. This acceleration signal is fed 
back to the speed controlling loop within the stage con- 
trolling system 1 48b through the integrator 1 48c. At the w 
same time, the output from integrator 1 48c is fed back to 
adder 148a of the positional controlling loop through 
another integrator 148d. As described above, the rea- 
son why the acceleration signal in the X and Y two free- 
dom degree directions is supplied as the feedback is 
signal to the positional controlling loop and speed con- 
trolling loop constituting the controlling system of the 
reticle stage 127 is as follows. 

As described above, since the position of the reticle 
R is measured by the reticle interference meter 131 20 
using the position of the fixed minor 144 as a reference, 
by applying the vibrations in the X and Y directionss in 
the fixed mirror 144, the residual vibrations later 
described are present in the exposure apparatus body 
140 and though the measurement errors are produced 55 
originating from such vibrations, the stage controlling 
circuit 148 controls the movement of the reticle stage 
127 so as to remove such errors, while addiing the 
residual vibrations. Thus, the position where the pattern 
of the reticle R is transferred will never varied though the 30 
vibrations are in the X and Y directions. 

Moreover, the wafer stage controlling circuit 150 
comprises a subtracter for computing the positional 
deviation that is a difference between the instruction 
value ( X and Y two freedom degree directions ) of the 35 
position from the controlling apparatus 142 and the 
wafer interference meter 131: and a stage control sys- 
tem for performing a ( proportional and integral ) control- 
ling operation using the positional deviation as an 
operational signal and computing the controlling quan- 40 
trty so as to make the positional deviation zero to apply- 
ing a thrust force to the wafer stage 120 through the 
linear motor(not shown). The speed instruction values 
for the X stage 120X and the Y stage 120Y are applied 
in the feed forward fashion to the speed control loop in 45 
the stage controlling system. Similarly, the acceleration 
instruction values for the X stage 120X and Y stage 
1207 are converted to the thrust forces and inputted in 
the feed forward fashion to the output terminal of the PI 
controller constituting the speed controlling loop. so 

The foregoing counter force computation circuit 1 52 
rs a circuit which performs a computation in order to pro- 
duce forces ( counter forces ) reverse to the variations in 
the six freedom degree directions of the exposure appa- 
ratus 1 40 in the actuators arid input them to the actuator 55 
controlling circuit 152 in the feed forward fashion. As 
shown in Fig. 5. the counter force circuit 152 comprises 
a first addition and gain matrix computation circuit 152A 



( hereinafter referred to as "a first matrix circuit" ) which 
adds the instruction values of the positions of the reticle 
stage 127 and the wafer stage 120 from the controlling 
apparatus 142, performs a gain adjustment and com- 
putes rates of the forces to be applied to the actuators; 
and a second addition and gain matrix computation cir- 
cuit 152B ( hereinafter referred to as "a second matrix 
computation circuit" ) which adds the instruction values 
of the acceleration of the reticle stage 1 27 and the wafer 
stage 120, performs a gain adjustment and computes 
rates of the forces to be applied to the actuators. 

The first matrix computation circuit 152A obtains 
the influence by the variation of the center of gravity due 
to the stage movement based on the positional instruc- 
tion values of the stages ( R stage 127, X stage 120X 
and Y stage 120Y ) and computes the instruction value 
of the counter force so as to cancel the variation of the 
center of gravity The second matrix computation circuit 
152B obtains the reactive force based on the instruction 
value of the acceleration of the stage, and computes the 
instruction value of the counter force so as to cancel the 
reactive force. The instruction values of the counter 
forces computed by the first and second matrix compu- 
tation circuits 152A and 152B are inputted in the feed 
forward fashion to the adder 1 1 1h constituting the actu- 
ator controlling circuit 111. 

As shown in Rg. 5. the actuator controlling circuit 
111 comprises a susbtractor 111d which computes a 
positional deviation ( six freedom degree directions ) - 
that is a difference between a target position in the six 
freedom degree directions ( here an original 
(0.0.0,0,0,0) is the target position ) output from the tar- 
get position output section 1 1 1a and the positional infor- 
mation which is obtained by integrating twice the 
acceleration signal using the integrators 111b and 111c. 
which is said acceleration instruction signal being in a 
six freedom degree directions in the center of gravity G 
of the exposure apparatus body 140 computed by the 
computing circuit 154A at the center of gravity of the 
vibration controlling computing circuit 154; a PID con- 
trolling circuit 1 11 e which performs ( proportion + inte- 
gration + differentiation ) controlling operation using the 
position deviation as an operational signal, output from 
the substractor 1 1 1d and computes the speed instruc- 
tion value ( six freedom degree directions ); a substrac- 
tor 111f which computes a speed deviation ( six 
freedom degree directions ) that is a difference between 
the speed instruction value from the PID controlling cir- 
cuit and the speed information ( six freedom degree 
directions ) obtained by integrating the acceleration sig- 
nal in the six freedom degree directions in the center of 
gravity G of the exposure apparatus body 140. which is 
said acceleration signal being computed by the compu- 
tation circuit 154 A; a PID controlling circuit 1 1 1g which 
performs a ( proportion + integration + differentiation ) 
controlling operation using the speed deviation output 
from the subtracter 1 1 1f as an operation signal and 
computes the instruction value of the force for the actu- 
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ators; and an adder 111 h to which the instruction of 
value of the force from the PID controlling circuit 1 11g. 
Also the instruction values of the counter forces from 
the matrix computation circuits 152A and 1S2B are 
inputted in a feed-forward fashion to the adder 1 1 1 h as 
described above. 

Next an operation of the projection exposure appa- 
ratus 100 constituted as above during the scan expo- 
sure will be described. 

In the projection exposure apparatus 100. an pre- 
determined slit-shaped illumination region (the illumina- 
tion region being defined by a blind in the illumination 
optical system) on the reticle R is illuminated with a uni- 
form illuminance by an exposure illumination light EL 
from an illumination optical system ( not shown ) during 
the exposure operation. In synchronization with that the 
reticle R which is scanned in a predetermined scan 
direction for the illumination region, the wafer W is 
scanned against a conjugated exposure region with the 
illumination region relative to the projection optical sys- 
tem PL Thus, the illumination tight EL transmitting 
through the pattern region of the reticle R is reduced to 
a predetermined magnification by the projection optical 
system PL and irradiated onto the wafer W coated with 
resist. The pattern of the reticle R is sequentially trans- 
ferred oh the exposure region on the wafer W so that the 
entire surface of the pattern region on the reticle R is 
transferred onto the shot region on the wafer W by one 
scanning. 

In the step and scan type projection exposure 
apparatus 100. the signals of the instruction values are 
sent to the stage control ling circuits 146 and 150. which 
are said signals being for scanning the reticle stage 127 
in the Y-direction at a speed of 0V by the controlling 
apparatus 142 ( 1/p: a reduced magnif ication of the pro- 
jection optical system PL ) and for synchronously scan- 
ning the water stage 120 in -Y-direction at a speed V. 
The respective controlling circuits 148 and 150 control 
so as to scan the reticle stage 127 and the wafer stage 
120 at predetermined positions and at predetermined 
speeds, while monitoring the measurement values of 
the interference meters 130 and 131. 

In this case, since the reticle stage 127 and the 
wafer stage 120 are scanned by the linear motor as 
described above, accompanied with an increase and 
reduction in a speed when the reticle stage 1 27 and the 
wafer stage 120 are moved, a reactive force originating 
the movements of them is produced in the linear motor 
so that vibrations are produced in the exposure appara- 
tus body 140 by the reactive force Moreover, when the 
reticle stage 127 and the wafer stage 120 are scanned, 
the variation of the center of gravity of the exposure 
apparatus body 140 creates a subtle inclination so that 
vibrations are caused in the whole of the exposure 
apparatus body 140. 

In the second embodiment, as described above, 
based on the instruction values of the position and 
acceleration for the reticle stage 127 and the wafer 



stage 120 from the controlling apparatus 142, the 
instruction value of the counter force so as to cancel the 
influence by the variation of the center of gravity due to 
the stage movements is computed by the counter force 
5 computation circuit 1 52, as well as the instruction value 
of the counter force so as to cancel the reactive force 
due to the acceleration. The computed instruction val- 
ues are supplied to the actuators ( 107 A to 170D, 132A 
to 132D) through the actuator controlling circuit 1 1 1 in 
w the feed forward fashion. For this reason, the reactive 
force produced by the increase and reduction in a speed 
of the reticle stage 127 and the wafer stage 120 is prin- 
cipally canceled by a force generated by each actuator 
driven according to the instruction value of the counter 
is force. The vibrations of the exposure apparatus body 
140 produced by the scan of the above descrfced 
stages are almost removed. However, since the reactive 
force are not entirely removed by the counter force, sub- 
tle vibrations ( hereinafter referred to as residual vibra- 
to tions ) in the six freedom degree directions ( X. Y. Z. Xe, 
Y@ and Ze directions) remain in the exposure appara- 
tus body 140. 

The variation of the exposure apparatus body 140 
due to the residual vibrations is respectively detected by 

25 the six acceleration seniors 105X1. 105X2. 105Y1, 
105Y2, 105Z1 and 105Z2 mounted to the fixed platen 
106 of the exposure apparatus body 140. Based on the 
six acceleration sensors 105X1, 105X2, 105Y1, 105Y2, 
105Z1 and 105Z2. the computation circuit 154A of the 

30 reference of the center of gravity in the vibration control- 
ling circuit 154 performs a predetermined matrix com- 
putation to obtain the vibrations in the six freedom 
degree directions in the position of the center of gravity 
of the exposure apparatus body 140, and performs a 

35 matrix computation for sharing the vibrations in the six 
freedom degree directions among the eight actuators, 
thereby supplying them to the actuators through the 
actuator controlling circuit 111 as a feedback signal. 
Therefore, based on the feedback signal the actuators 

40 are controlled by the actuator controlling circuit 1 1 1 so 
that the above described residual vibrations are sup- 
pressed speedily. In this case, in the second embodi- 
ment since the vibrations in the six freedom degree 
directions in the position of the center of gravity G of the 

45 exposure apparatus body are obtained on the basis of 
the value of the acceleration sensor and moreover the 
feedback signals to suppress the vibrations in the six 
freedom degree directions are applied to the actuators, 
the residual vibrations are more effectively suppressed, 

so unlike other projection exposure apparatus in which the 
value of the acceleration sensor is fed back to the actu- 
ator disposed in a position facing thereto. 

However, in the second embodiment even before 
the residual vibrations are completely suppressed, a 

55 high precise exposure can be performed. Specifically, 
there is provided a computation circuit 154B within the 
vibration controlling circuit which performs a predeter- 
mined matrix computation based on the outputs from 
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the six acceleration sensors 105X1. 105X2, 105Y1. 
105Y2. 105Z1 . and 10522 to obtain the vibrations in the 
two freedom degree directions ( the X and Ydirections ) 
using the fixed mirror as a reference. Since the vibra- 
tions in the X and Y two freedom degree directions at 5 
the position of the fixed mirror 144 computed by the 
computing circuit 154B are fed back to the reticle stage 
controlling circuit 148. the control for the reticle stage 
127 is performed by the reticle stage controlling circuit 
148, while considering the vibrations. Therefore, the w 
position where the pattern of the reticle R is transferred 
never changes in spite the vtorations are in the X and Y- 
directions. 

As described above, according to the projection 
exposure apparatus 100 of the second embodiment is 
based on the outputs of the six acceleration sensors 
105X. 105X2, 105Y1, 105Y2. 105Z1 and 105Z2, by uti- 
lizing the vibrations in the six freedom degree directions 
at the center of gravity Q of the exposure apparatus 
body computed by in the vforation controlling computing . 20 
circuit 1 54 as wen as the vibrations in the two freedom 
degree directions in the fixed mirror 144 for the reticle, 
the residual vibrations of the exposure apparatus body 
140 can be suppressed speedily, which could not 
removed in spite that the counter force was supplied in 25 
the feed forward fashion to the actuator. A high preci- 
sion exposure can be performed even though the resid- 
ual vibrations are present 

For the second embodiment descrfoed above, the 
description in the case where the six acceleration sen- 30 
sors as a vfcration sensor are provided in the exposure 
apparatus body was made, position sensors ( electro- 
static capacitance displacement sensor or eddy current 
displacement sensor ) and a speed sensor may be pro- 
vided as the vibration sensor, in stead of them or ss 
together with them. 

Moreover, for the second embodiment the descrip- 
tion in the case where the vibrations in the six freedom 
degree directions in the position of the center of gravity 
G of the exposure apparatus body 140 are obtained was 4o 
mada The present invention is not limited to this. Based 
on the outputs from the six acceleration sensors, vibra- 
tions in three freedom degree directions or six freedom 
degree directions in a principal axis of inertia as the 
center of vibrations may be obtained. Here, the principal 45 
axis of inertia is an axis in three directions possessed by 
the exposure apparatus body, on which the apparatus 
easily rotates. 

Moreover, in the second embodiment, based on the 
output of the acceleration sensor, the description in the so 
case where the vibrations in the two freedom degree 
directions in the fixed mirror 144 for the reticle are 
obtained was made. The present invention is not limited 
to this. The projection exposure apparatus may be con- 
stituted so that vibrations in the two freedom degree ss 
directions in the fixed mirror for the wafer are obtained 
and a feedback signal is supplied to the wafer stage 
controlling circuit. Alternately, the projection exposure 



apparatus may be constituted such that vibrations in the 
two freedom degree directions in both of the fixed mir- 
rors for the reticle and the wafer are obtained and feed- 
back signals are supplied to both stage controlling 
circuits. 

In the second embodiment, the description was 
made, in the case where the vibrations in the two free- 
dom degree directions in the position of the fixed mirror 
1 44 fixed to the outer periphery of the projection optical 
system PL are obtained. The place where the third 
reflection mirror ( the fixed mirror ) is set is not limited to 
this. Though the third reflection mirror is set in any 
place, the effects of the present invention are exhibited, 
as long as the third mirror is set in a place where the 
vibrations of the exposure apparatus body have effect 
on the measurement values. 

For the second embodiment the description was 
made, in the case where the present invention is applied 
to the step and scan projection apparatus. The scope of 
the present invention is not limited to this. The present 
invention can be applied to an projection apparatus, as 
long as at least one movement stage is mounted on the 
exposure apparatus. For example, the present invention 
can be suitably applied to a step and repeat reduction 
projection exposure apparatus ( so called a stepper ). 

For the second embodiment the description was 
made, in the case where the side surface of the reticle 
stage is formed is subjected to a mirror polishing treat- 
ment thereby forming the reflection surface. The 
present invention is not limited to this. It is a matter of 
course that a movement mirror as the reflection mirror 
may be provided on the wafer stage and the reticle 
stage. 

The exposure apparatus of the second embodi- 
ment is the one, which transfers through the projection 
optical system PL the pattern of the mask R mounted on 
the stage 127 onto the substrate W mounted on the sec- 
ond stage 120. The exposure apparatus of the present 
invention comprises stage movement signal output 
means 142 for outputting a movement signal to at least 
one of the first and second stages 120 and 127; stage 
controlling means 148 for controlling said stages based 
on said movement signal; vibration sensors 105X1, 
105X2, 105Y1, 105Y2, 105Z1 and 105Z2 fir detecting 
the vbrations of the exposure apparatus body 140 on 
which said first and second stages 120 and 127 are 
mounted; at least one actuator 4A to 4D, and 32A to 
32D provided in said exposure apparatus body 140; 
drive controlling means 111 for controlling a drive of 
said actuator so as to control the vibrations of said 
exposure apparatus body 140; counter force computa- 
tion means 152 for computing a counter force for a 
movement of said exposure apparatus 140 to supply it 
to said drive controlling means 111 in a feed forward 
fashion; and vibration controlling computation means 
154 for computing, based on detection results of said 
vibration sensors, an actuator drive feedback signal to 
be supplied to said drive controlling means 1 1 1 . as well 
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as a stage feedback signal to be supplied to said stage 
controlling means 148 so as not to change the position 
on the said substrate W where said pattern is trans- 
ferred, tn the exposure apparatus constructed as above, 
when a movement signal is outputted from the stage 
movement signal outputting means to at least one of the 
first and second stages, the corresponding stage is con- 
trolled by the stage controlling means, based on the 
movement signal. At this time, by the counter force com- 
putation means, the instruction value of the counter 
force for the movement of the exposure apparatus is 
computed based on the movement signal by the counter 
force computation means. The instruction value is input 
to the drive controlling means in the feed forward fash- 
ion. For this reason, when the stages are moved based 
on the control of the stage controlling means, the vibra- 
tions produced in the exposure apparatus body are 
almost suppressed by the counter force generated by 
the actuator the drive of which is controlled, based on 
the instruction value of the counter force, by the drive 
controlling means. The vtorations ( residual vibrations ) 
of the exposure apparatus body which are not sup- 
pressed to a perfect degree are detected by the vibra- 
tion sensor. Then, based on the detection result of the 
vbratfon sensor, the vibration controlling computation 
means computes the actuator drive feedback signal to 
be supplied to the drive controlling means, as well as 
the stage feedback signal to be supplied to the stage 
controlling means so as not to change the position of 
the substrate where the pattern is transferred. Thus, the 
actuator is driven by the drive controlling means, based 
on the actuator drive feedback signal. Therefore, the 
residual vibrations are removed, and. at the same time, 
the stage is driven, based on the stage feedback signal, 
by the stage controlling means, so as not to change the 
position of the substrate where the pattern is trans- 
ferred. 

Moreover, in the second embodiment, since the 
feedback signals for driving the actuators are supplied 
thereto based on the detection results of the vibration 
sensors, the residual vibrations of the exposure appara- 
tus body can be suppressed Since the stage feedback 
signal is supplied so as not to change the position of the 
substrate .where the pattern is transferred, even when 
the residual vibrations that are not suppressed to the 
perfect degree exist in the exposure apparatus body, the 
stage moves as if the pattern of the mask were com- 
pletely at rest on the substrate. Therefore, it is possible 
to perform a high precision exposure, resulting in an 
increase in a through put 

In the second embodiment when there are further 
provided a first reflection mirror 127a provided on said 
first stage 127; a second reflection mirror 129a provided 
on said second stage 120; third reflection mirrors 144 
and 146 fixed to fixing portion outside of said stages of 
said exposure apparatus body 140; and interference 
meters 130X, 130Y. 131X and 131Y for irradiating a 
beam of Pght onto either said first reflection mirror 127a 



or said second and third reflection mirrors 120a, and 
144 and 146 to measure the position of one of said first 
and second stages 127 and 120, said vibration control- 
ling computation means 154 computes the vibration 

5 state of said third reflection mirror positions 1 44 and 1 46 
in a two dimensional cS recti on on the horizontal plane. 
This vibration state should be preferably fed back to said 
stage controlling means 148 so as to control at least 
one of said f irst and second stages 127 and 120. If such 

w structure is adopted, the vibration state of the third 
reflection mirror position in the two dimensional direc- 
tion on the horizontal plane is computed by the vibration 
controlling computation means. This vibration state is 
fed back to at least one of the fist and second stages to 

75 control it Even when errors originating in the vibrations 
of the position of the third reflection mirror are included 
in the measurement value of the position of one of the 
first and second stages, the stage controlling means 
can perform a precise position control of the stage, in 

20 which the errors are canceled based on the feedback 
signal. Therefore, it is made easy to control the stage so 
as not to change the position of the substrate where the 
pattern is transferred. 

In the second embodiment, the foregoing vibration 
25 controlling computation means 54 is constructed such 
that the vibration state in freedom degree directions 
more than two freedom degrees in the center of vibra- 
tions of the foregoing exposure apparatus body arid this 
vibration state is fed back to the foregoing drive control- 
so Ong means 1 1 . With such structure of the vibration con- 
trolling computation, means 54, the vibration controlling 
computation means 54 computes, based on the detec- 
tion result of the vibration sensor, the vibration state in 
the freedom degree directions more than two freedom 
35 degrees in the center of vibrations of the exposure 
apparatus body and feeds-back this vibration state to 
the drive control means. Therefore, the actuators are 
driven based on the feedback signal, whereby the resid- 
ual vibrations can be suppressed more speedily. 
40 Here* as the center of vibrations, the center of grav- 
ity of the exposure apparatus body and the center of 
principal axis of inertia are mentioned typically. 

When the vibration suppressing mechanism, the 
actuator 132, the acceleration sensor 105, the control- 
45 ling apparatus 142. the reticle stage controlling circuit 
148. the wafer stage controlling circuit 150, the counter 
force computation circuit 152, the vibration controlling 
circuit 154. the actuator controlling circuit 111 and the 
like in the first and second embodiments are built into 
so the apparatus and they are used collectively, faulty 
exposures due to the vibrations produced in the expo- 
sure apparatus body are more suppressed, resulting in 
more precise projection exposures. 

As described above, according to the present 
55 invention, there can be provided effects that occur- 
rences of the faulty exposures due to the positional 
deviation of the mask from the photosensitive substrate 
originating from the vibrations of the exposure appara- 
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tus body can be suppressed. 

From the invention thus described, it will be obvious 
that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi- 
fications as would be obvious to one skilled in the art 
are intended for inclusion within the scope of the follow- 
ing claims. 

Claims 

1 . An exposure apparatus for projecting an image pat- 
tern on a mask onto a photosensitive substrate, 
said apparatus comprising: 

a body; 

a first stage movable to said body and adapted 
to mount the mask: 

a second stage movable to said body and 
adapted to mount the photosensitive substrate; 

a measuring device for measuring the 
position of either the mask mounted on 
said first stage or the photosensitive sub- 
strate mounted on said second stage; 
a vibration sensor for measuring vibration 
of the body; and 

a position controller for controlling the posi- 
tion of either the mask mounted on said 
first stage or the photosensitive substrate 
mounted on said second stage based on a 
measurement value of said vforation sen- 
sor and a measurement value of said 
measuring device. 

2. An exposure apparatus according to claim 1, 
wherein said position controller controls of either 
one of the mask mounted on said first stage and the 
photosensitive substrate mounted on said second 
stage based on a measurement value inputted from 
said vibration sensor in a feed-forward fashion and 
a measurement value of said measuring device. 

3. The exposure apparatus according to any one of 
claim 1 and 2, wherein said mask stage and said 
substrate stage are relatively scanned by said 
stage control system at a predetermined speed 
ratio relative to said projection optical system. 

4. The exposure apparatus according to any one of 
claims 1 , 2 and 3, wherein at least one of said sec- 
ond stage and said first stage is composed of a fine 
motion stage performing a relative movement to the 
a coarse motion stage thereon; and 

. said position control system controls a position 
of said fine motion stage based on a measure- 
ment value inputted from said vforation sensor 



to 



in a feed-forward fashion and a measurement 
value of said measuring device. 

5. The exposure apparatus according to any one of 
claims 1,2,3 and 4, wherein said body includes a 
projecting optical system through which the image 
pattern is projected from the mask to the photosen- 
sitive substrate and said vibration sensor measures 
vibrations of said projection optical system. 

6. The exposure apparatus according to any one of 
claims 1. 2, 3, 4 and 5. wherein said vibration sen- 
sor is an acceleration meter. 



is 7. The exposure apparatus according to any one of 
claims 1-6, further comprising: 

at least one actuator provided in said body: 
drive control means for controlling a drive of 
20 said actuator so as to suppress the vfo rations 

of said body; 

counter force computing means for computing 
a counter force against variations of said body 
to input the counter force to said drive control- 
25 ler in a feed-forward fashion, based on a meas- 

urement value of said position detection 
device; and 

vibration control computing means for comput- 
ing an actuator drive feedback signal to be sup- 

30 plied to said drive control means and a stage 

feedback signal to be supplied to said stage 
control means so as not to vary a position on 
sad substrate where said pattern is trans- 
ferred, based on a detection result of said 

35 vibration sensor. 

8. The exposure apparatus according to any one of 
claims 1-7. 

further comprising: 

40 

a first reflection mirror provided on said first 
stage, a second reflection mirror provided on 
said second stage, a third mirror fixed to a fix- 
ing portion outside said stage of said exposure 

45 apparatus body, and an interference meter for 

irradiating light onto either said first reflection 
minor or said second reflection mirror and onto 
said third reflection mirror and measuring a 
position of either said first stage or said second 

so stage; wherein said vibration control computing 

means computes a vibration state in a two 
dimensional direction on a horizontal plane of 
said third reflection mirror position, and feed- 
backs the vibration state to said stage control 

55 means so as to control at least one of said first 

and second stages. 

9. The exposure apparatus according to any one of 
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claims 7-8, wherein said vibration control comput- 
ing means computes an oscillation state in a direc- 
tion of a degree of freedom of three numbers or 
more in a center of vibrations of said body, and 
feed-backs this vibration state to said drive control 5 
means. 

10. An exposure method of exposing a pattern formed 
on a mask held with a first stage on a photosensi- 
tive substrate held with a second stage, said 10 
method comprising the steps of: 

measuring a position of either said mask on or 
said photosensitive substrate to provide a first 
data; is 
measuring vibration of a body mounts said 
mask stage and substrate stage to provide a 
second data; and controlling either said first or 
second stage based on said first and second 
data. so 

1 1 . The method according to claim 1 0. further compris- 
ing the steps of: 

computing a counter force against variations of 25 
said body based on the first data to input the 
counter force to a drive controller in a feed-for- 
ward fashion, said drive controller controlling a 
drive of said actuator; and computing an actua- 
tor drive feedback signal to be supplied to said 30 
drive controller and a stage feedback signal to 
be supplied to a stage controller for driving the 
stage to drive the stage based on the stage 
feed back signal and the actuator drive feed- 
back signal so as not to vary a position on said 35 
substrate where said pattern is transferred, to 
perform the projective exposure operation 
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